Abstract: Urbanization is commonly described as the process of population flow from rural to urban areas. As the largest developing country, China has experienced an unprecedentedly fast and large urbanization process since 1980s, which will continue for the coming future. The immense scale of the process has brought multidimensional benefits across all sectors in the country, yet also consumed a vast amount of resources and caused various types of environmental problems. The conflict between limited resources and an unstoppable urbanization process has become a pressing issue, which presents the urgent need for efficiency pursuance in the process of urbanization in order to ensure sustainable urban development. It is considered that the improvement of urbanization efficiency in large developing countries such as China has great implications for global sustainability. There is little existing study conducted to understand what efficiency achieved in the current fast urban development era in China. This study investigates the urbanization efficiency and its changes in the contemporary China. A set of input-output indicators are employed for analyzing the efficiency, in which both desirable and undesirable outputs are considered. The Super-efficiency Slack-based Measure (SBM) model and DEA-based Malmquist Production Index (MPI) are adopted collectively for conducting data analysis. The research is conducted at provincial level in China and the data collected for analysis are from 30 provinces for the period of 2006-2015. The results from this study show that the overall urbanization efficiency in China during the surveyed period is low, although certain improvement has been achieved. The difference between good and poor performers is considerable. In general, those provinces with better social and economic background have better urbanization efficiency performance. East China is much better than the rest of China, whilst Southwest region has the poorest performance.
Introduction
Urbanization began during the industrial revolution period when workers moved from rural areas to cities to obtain jobs in factories. It is one of the fundamental characteristics of the civilization of human society. In the contemporary era, urbanization commonly refers to the process of population flow from rural to urban areas [1] . Government aims to generate multiple benefits through implementing urbanization programs, including, for example, economic growth, transportation convenience, better living quality, and harmonious urban-rural relationship [2] . In fact, urbanization becomes an important social process in the 21st century, particularly in many developing countries such as China. The urbanization development in large countries including China has made a significant contribution to the progress of global urbanization. Since the implementation of reform and open policy in early 1980s, the urbanization process in China has experienced a rapid and unprecedented development era, with the increase of the urbanization rate from 17.92% in 1978 to 58% in 2017, giving an average annual increase rate of 1.03% [3] . In comparison, the urbanization rate at global level increased from 38.48% to 54.73% during the same period of 1978-2017, giving an average annual increase rate of only 0.42% [3] .
In line with its dramatically fast urbanization process, China has been witnessing the largest scale of migration from rural to urban areas over last three decades, resulting in the huge increase of urban population from 172.45 million in 1978 to 792.98 million in 2016 [3, 4] . It is widely considered that urbanization has been a driving power to the development of China across all sectors in the country [2] . China has rocked up to the second largest country globally in terms of GDP scale, for which the urbanization scheme of the country has made the special contribution [5] .
Nevertheless, the immense scale of urbanization programs in China has been consuming vast amounts of resources, including labor forces, land, energy, water, timber, and other natural resources [6] . It was reported that the water consumption in urban areas in China has risen sharply from 7.87 billion m 3 in 1978 to 56.05 billion m 3 in 2015 [7] . The speed of resources consumption in China is alarming, particularly on those non-renewable resources for implementing urbanization programs. There are more than 400 Chinese cities suffering from severe water shortage [7] . A number of reports suggest that resources consumption is not efficient in the current fast urbanization process in China. For example, Guan et al. [7] found that the energy consumption per GDP in China is 2.3 times higher than that of the world's average level, 4.1 times higher than that of the average level of European Union countries, 7.6 times higher than that of Japan, and even much higher than many developing countries. During the past four decades, large scales of agricultural land have been acquired in China for urban sprawl in the urbanization process, but yet significant amount of urbanized areas are unoccupied. The phenomena of unoccupied urbanized areas are referred as "Ghost City", a typical type of land and capital waste in China [8, 9] . Nevertheless, it has been widely appreciated that the conflict between limited supply and increasing demand of resources for urbanization development has become serious, particularly in developing countries [1, 6, [10] [11] [12] [13] . It is therefore a pressing issue to pursue the efficiency in urbanization process in order to save resources for sustainable urban development.
As the world's largest developing nation, China is determined to continue its urbanization process in the coming future, and an understanding on whether the resources are used efficiently in its current urbanization process is essential. This understanding can help reveal the quality of current urbanization process and the level of waste, if any, on various types of resources. Without the understanding, measures cannot be taken appropriately to improve the quality of urbanization process, consequently, the existing problem, such as "Ghost City", will remain and even become worse, and the sustainability of urbanization will be sabotaged.
Urbanization is a complicated "input-output" system process, and its efficiency is widely measured by comparing the outputs or benefits gained with the resources inputted. An efficient urbanization process will be recognized if the process costs less resources whilst generates more benefits. Previous studies appreciated that the performance of urbanization efficiency is attributed by many factors, particularly the urban development modes and the composition structure between industrial sectors [14] . In the context of a big developing country such as China, by examining the urbanization efficiency between provinces or regions, the experience and lessons gained in different regions can be mined for sharing with each other. This way will enable the improvement of urbanization efficiency across the country, which can in turn promote the sustainable urbanization process.
In order to measure urbanization efficiency, it is important to employ an appropriate measurement tool. According to previous studies, there are two typical efficiency measures, parametric methods and non-parametric methods. The parametric methods require pre-estimate hypothesis about the relations between inputs and outputs, for which Stochastic Frontier Analysis (SFA) model is representative. Non-parametric methods have no request for the prior hypothesis on the relations between inputs and outputs, and therefore they are considered to be able to avoid the possible problems caused by improper pre-estimation [15] . There are several non-parametric methods, such as Data Envelopment Analysis (DEA) model and Free Disposal Hull (FDH) model [16] . Among them, DEA is the most widely adopted, which was proposed originally by Charnes et al. [17] . DEA is a heuristic model for evaluating the efficiency of a specific Decision-Making Unit (DMU) through comparing a group of DMUs with an efficient production frontier [18] . In applying DEA, a set of input-output indicators will be adopted [19] . This method has been applied in various fields for efficiency study, such as banking and insurance industries [20, 21] , governmental administration [22] , public transportation [23, 24] , regional economy [25] , as well as low-carbon economy development [26] .
Several previous studies have also applied DEA method in investigating the efficiency of urbanization development in China. For example, Jia et al. [27] estimated the urbanization efficiency at both district and county levels in Chengdu city in the year 2015 based on a three-stage DEA model. In their study, land, capital, and labor are used as input factors, and economic performance, population, and social development are output indicators. By adopting jointly DEA method and Malmquist Productivity Index (MPI), Song et al. [28] estimated the urbanization efficiency in a sample of ten prefecture-level cities in Shaanxi province in China for the period of 2003-2014. It was found that the overall urbanization efficiency in these cities declined during the surveyed period, and the gaps of efficiency performances between the cities increased. Zhang & Jiao [29] applied DEA method for estimating the urbanization efficiency in Yangtze River delta for the period of 1990-2011. Their findings suggest that the overall urbanization efficiency in the area has improved significantly during the study period, but there was a clear spatial distribution of different levels of efficiency. Xu et al. [30] adopted DEA-Cross model and investigated the urbanization efficiency in twelve prefecture-level cities in Gansu province for the period 2005-2009, and classified these cities into three categories, namely, "high inputs with high outputs", "high inputs with low outputs", and "low inputs with low outputs". Some other scholars adopted DEA method for evaluating the eco-efficiency of cities. For example, Yin et al. [14] adopted DEA method in evaluating the eco-efficiency of 30 Chinese provincial capital cities for the year of 2009, in which the input factors are capital, labor, land, water consumption, and energy consumption, and the output indicators are GDP value and pollutant emission. Their study suggests that half of the provincial capital cities in China are fairly eco-efficient. By adopting the Super-efficiency DEA model, Bai et al. [31] measured the relationship between urbanization and urban eco-efficiency of prefecture-level cities in China during the period 2006-2013, by employing the input factors of labor, capital, land, and resources consumption and the output factor of economic level. Their study reveals that during the urbanization process, urban eco-efficiency at prefecture-level cities in China has experienced a three-stage evolution, namely, increasing, declining, and increasing.
In the international context, there are handful studies using DEA method for analyzing the efficiency of urban development. For example, Gudipudi et al. [32] estimated the urban eco-efficiency of 88 European cities by using an advanced regression residual method and DEA model, suggesting that larger cities are usually more eco-efficient and that Stockholm, Munich, and Oslo have relatively better performance. Deilmann et al. [33] investigated the urban economic and ecological efficiency respectively for 116 cities in Germany from the perspective of land consumption. Their study reveals that the medium-sized and industrialized cities in Germany make the most efficient use of land. Morais & Camanho [34] adopted DEA model for evaluating the performance of 206 European cities in concerns of urban life quality, with considering the outputs of demography, economy, education, environment, transport, and culture. They found that those best performance cities are mainly located in Germany, Netherlands, and Belgium, whilst those poor performance cities are largely located in Romania, Italy, and Poland.
The above discussions demonstrate that the outputs used in previous studies for measuring urbanization efficiency are usually limited to benefit indicators such as economic performance or GDP value. However, urbanization process does not only generate benefit outputs but also produce undesirable outputs such as greenhouse gas emission, water pollution, and other types of pollutant discharge. Therefore, both good outputs (benefits) and undesirable outputs should be taken into account in order to reflect holistically the effects brought by urbanization process. Furthermore, the performance of urbanization efficiency is dynamic, which changes in line with social-economic development and environmental performance. Nevertheless, little existing study has investigated this dynamic change. With these limitations, the existing research results on urbanization efficiency are considered not able to provide adequate information to support decision-making for efficiency improvement, which would further hinder the practice of sustainable urbanization, particularly in large developing countries such as China.
This study therefore aims to evaluate the efficiency of the fast urbanization process in China from a holistic perspective, in which a set of input-output indicators is employed, and both desirable and undesirable outputs are incorporated. This holistic efficiency measurement will be used to measure and compare the urbanization efficiency between different regions and individual provinces. On the other hand, the dynamic changes of the urbanization efficiency during the surveyed period will be tracked. Effective measures for improving the urbanization efficiency in the context of China will also be discussed.
The rest of this paper will be organized as follows: Section 2 describes the research method. Section 3 presents the composition of input-output indicators and research data. Section 4 presents data analysis. Section 5 discusses the performance of urbanization efficiency at both provincial and regional level in and the effective measures to improve the efficiency performance.
Research Method
This study adopts the following two methods. (1) Super-efficiency Slack-based Measure (SBM) model is used to measure the urbanization efficiency at provincial level. (2) DEA-based Malmquist Production Index (MPI) is applied to track the dynamic changes of urbanization efficiency.
Super-Efficiency Slack-Based Measure (SBM) Model
There are two traditional DEA methods, namely, CCR (Charnes, Cooper, and Rhodes) model and BCC (Banker, Charnes, and Cooper) model. But both of the models have been criticized for their limitations in measuring system efficiency as they do not take into account the slack variables for both inputs and outputs [17, 35] . Slack variables refer to the excess of input and the shortage of desirable outputs. In particular, traditional DEA methods assume that all the outputs of a production system are valuable and should be maximized for given inputs [26, 36, 37] . Nevertheless, the undesirable output is unavoidable in a production process, and has significant effects on the efficiency of the production process. To address these limitations embodied in the traditional DEA methods, Super-efficiency Slacks-Based Measure (Super-efficiency SBM) model is introduced by other researchers [36, [38] [39] [40] , which allows for taking into account undesirable outputs and these slack variables. Therefore, Super-efficiency SBM model is considered suitable for adoption in this study. The procedures of applying Super-efficiency SBM are highlighted as follows.
Urbanization is considered as a systematic process. An efficient urbanization process will be appreciated if the process costs fewer inputs whilst generating more desirable outputs and fewer undesirable outputs. Suppose that an urbanization process has n independent homogeneous decision-making units (DMUs). There are three types of factors in each DMU: Inputs, desirable outputs, and undesirable outputs. Each DMU consumes m types of inputs and produces s 1 types of desirable outputs and s 2 types of undesirable outputs. The three types of factors can be denoted by three vectors respectively: Input vector, x ∈ R m ; desirable output vector, y d ∈ R s 1 ; and undesirable output vector, y ud ∈ R s 2 .
As there are n DMUs in urbanization process system, the three matrices, X, Y d , and Y ud , can be defined as follows:
As there are relations: X > 0, Y d > 0, Y ud > 0, a production possibility set (P) can be defined as the following Equation (1):
where λ is the non-negative intensity vector, indicating that Equation (1) is subject to the condition of constant returns to scale (CRS). The inequality of x ≥ Xλ means that the actual input is equal to or greater than the requested input. y d ≤ Y d λ indicates that the actual desirable output level is equal to or less than the expected. Lastly, y ud ≥ Y ud λ indicates that the actual undesirable output is equal to or greater than the expected.
In line with the above discussion, Slack-Based Measure (SBM) model can be used to measure the efficiency of DMU. According to the principle of SBM model, if a DMU to be measured is specified as x 0 , y d 0 , y ud 0 , its efficiency value, ρ, is described as follows:
s ud r y ud r0
Subject to is considered SBM-inefficient [36, 39] . However, it should be noted that, in model (2), when the number of DMU becomes large, it is possible that several or many different DMUs perform full efficiency with the value of ρ = 1. In other words, the efficiency values of several or many DMUs can be 1 if the number of DMU is sufficiently large. In order to be able to discriminate DMUs even there are some units having same SBM efficiency values (ρ = 1), the Super-efficiency SBM model is further adopted.
Super-efficiency SBM model is a development of SBM model. Assume that there are a number of SBM-efficient DMUs (with value of ρ = 1) according to (2) , including the DMU x 0 , y d 0 , y ud 0 . Under this circumstance, it is necessary to further measure the efficiency of DMU x 0 , y d 0 , y ud 0 by a new efficiency value and differentiate it from other SBM-efficient DMUs. This new value will be given by applying the Super-efficiency SBM model.
Super-efficiency SBM model is based on the production possibility set P\ x 0 , y d 0 , y ud 0 , spanned by X, Y d , Y ud excluding x 0 , y d 0 , y ud 0 , which is described as following Equation (3):
The new efficiency value of DMU x 0 , y d 0 , y ud 0 , denoted as ρ * , is calculated according to the formula (4):
y ud r y ud ro
Subject to
Model (4) allows that ρ * , the efficiency of DMU x 0 , y d 0 , y ud 0 , may be larger than 1. In other words, the circumstance that there might be a number of DMUs with the efficiency value ρ = 1 will be avoided by using the Super-efficiency SBM model (4).
DEA-Based Malmquist Production Index (MPI)
The Super-efficiency SBM model (4) is effective to measure the urbanization efficiency between different DMUs for a specific time period t, but it is not capable to assist in analyzing the dynamic changes of urbanization efficiency performance. In this regard, DEA-based Malmquist Production Index (MPI) is adopted for analyzing the dynamic changes. MPI model was first proposed by Sweden economist Malmquist [41] as a quantitative measure to analyze the changes of consumption in different time periods. DEA-based MPI was further proposed by Färe and Grosskopf in 1994 for evaluating the dynamic change of productivity efficiency over a period of time [26, 42] . According to Zhang et al. [26] and Ma et al. [15] , the procedures of adopting DEA-based MPI are as follows.
Assume that ρ t x t j , y td j , y tud j and ρ t+1 x t j , y td j , y tud j are the measured efficiency values of DMU j for the time period t and (t + 1) respectively by using the inputs and outputs obtained in the time period t. For further assumption, ρ t x
are the efficiency values of DMU j at the time period t and (t + 1), respectively, by using the inputs and outputs obtained in the time period (t + 1). Then, according to the principle of DEA-based MPI, the dynamic change of the efficiency performance of DMU j from time period t to (t + 1), denoted as MPI j (t, t + 1), can be obtained as follows:
According to model (5), an improvement of urbanization efficiency in DMU j from the time period t to (t + 1) will be appreciated if MPI j (t, t + 1) > 1. Otherwise, it is considered that the DMU j has made no progress or even deteriorated in terms of urbanization efficiency over the time period.
Research Data
The 
Selection of Input and Output Indicators
To apply the research methods described in Section 2, a set of input-output indicators need to be selected. Figure 1 presents a framework on the input-output dimensions for measuring the efficiency of an urbanization system. The figure shows that there are five dimensional inputs in an urbanization system, namely, capital, labor, land, water resource, and energy. By referring to previous studies, the indicators for measuring the scale of these input dimensions are selected, as shown in Table 1 . [36, 45, 53, 57, 58] For the output dimensions, as presented in Figure 1 , the desirable outputs include six major aspects, namely, population aggregation, economy increment, urbanization habitation, urban living standard, urban landscaping, and urban-rural integration. By referring to previous studies, the indicators for measuring these desirable outputs are selected, as listed in Table 2 . These output aspects are considered important to reflect the performance of urbanization from social and economic perspectives. The two aspects of population aggregation and economic increment need to be further elaborated. In referring to population aggregation, it is measured by urbanization rate (O 1 ), which is defined as the ratio of urban resident population to the total population in a given province or area. In China, urban resident populations are divided into those registered with urban "hukou" and those rural-to-urban migrants without urban "hukou". The two groups of population are included in this study in the calculation of urbanization rate. This approach reflects the population aggregated in urbanized area and it is widely adopted in defining urbanization rate in previous studies [27, 31, 59] . In referring to the output aspect of economic increment, it is measured by non-agricultural GDP (O 2 ), which is the GDP value of secondary and tertiary industries.
The most typical undesirable outputs brought by urbanization process include greenhouse gases emission and water pollution, as well appreciated in previous studies [67] [68] [69] [70] . The indicator CO 2 emission (O 8 ) is employed to measure the level of greenhouse gases emission [26, 37] , and waste water discharge (O 9 ) is selected for measuring the level of water pollution [52, 69] . CO 2 emission is the most significant cause to global warming. The scale of CO 2 emission is much larger than that of the emission from other types of pollutant gases such as NOx and SO 2 . For example, the CO 2 emission in Beijing in 2015 was 6257 × 10 4 ton, whilst there was only 13 × 10 4 ton for the NO X and 7 × 10 4 ton for the SO 2 [71] . On the other hand, the discharge of waste water during the urbanization process affects significantly the public health and ecological integrity, which becomes a prominent challenge to be addressed for sustainable development [69] . In fact, water is vulnerable to be overexploited and polluted by anthropogenic activities. Therefore, it is considered reasonable to adopt CO 2 emission and total waste water discharge to measure the undesirable output of urbanization process in this study.
Data Processing
In referring to the indicators listed in Table 1 There are no official data available about the undesirable output "CO 2 emissions" (O 8 ) at the provincial level in China. As an alternative, the CO 2 emission calculation guideline published by the Intergovernmental Panel on Climate Change (IPCC) [72] is used. In using IPCC guideline, CO 2 emissions from burning fossil fuels can be estimated by adopting the following formula (6):
where EC t denotes the total CO 2 emissions in year t for a specific province from n types of fossil fuel consumption. Eight types of fossil fuel are considered in this study, including raw coal, crude oil, gasoline, kerosene, diesel oil, fuel oil, liquefied Petroleum gases, and natural gas. E i t denotes the total consumption of fossil fuel i in the year t, LCV i indicates the lower calorific value of the fuel i, CF i represents the carbon emission factor of fossil fuel i, and O i is the oxidation rate of the carbonaceous fuel i. The coefficient (44/12) in model (6) denotes the ratio of the molecular weight of CO 2 (44) to the molecular weight of carbon (12) .
According to the report published by the Energy Research Institute (ERI) under the National Development and Reform Commission [73] , the coefficients of the eight types of carbonaceous fuels in China are obtained, as shown in Table 3 . As a result, the data for O 8 for each individual province can be processed and obtained. Table 4 . The statistical characteristics of the data are summarized in Table 5 .
Data Analysis
According to the methods described in Section 2 and the research data presented in Section 3, with the assistance of computer programme Max DEA, the values of ρ * (urbanization efficiency) and MPI (dynamic changes of urbanization efficiency) for the 30 provinces in China during the surveyed period are calculated. Tables 6 and 7 present the results of ρ * and MPI respectively. From Table 6 , it can be seen that the performance of urbanization efficiency varies considerably between individual provinces. But Table 7 suggests that most of the surveyed provinces have been showing certain degree of improvement.
The results about the national average and standard deviation of ρ * in Table 6 can be presented graphically in Figure 2 , suggesting that the average performance is improving at national level. It also demonstrates that the deviation in performance between provinces has been narrowing. Furthermore, by employing the data in Table 7 , Figure 3 can be produced to illustrate the annual average performance and the standard deviation of MPI between the 30 surveyed provinces. 
Discussion

The Urbanization Efficiency Performance from National Perspective
According to Table 6 , the average performance in urbanization efficiency at national level across the period 2006 to 2015 is relatively low, with the efficiency value ρ * = 0.8782. The information at provincial level in Table 6 can be further demonstrated graphically in Figure 4 . It can be seen from the figure that urbanization efficiency varies significantly both horizontally (between provinces) and vertically (between years during the surveyed period). In general, Eastern provinces have relatively better performance. This may be attributed mainly by the advancement of technologies, economic performance, and social welfare systems in these provinces. In particular, the advanced social welfare system in these provinces allows the benefit-sharing of rural-to-urban migrants, such as the accessibility to urban public housing and education opportunities.
Furthermore, the information in Table 6 can be plotted on to a map of China to obtain an understanding on the spatial distribution of urbanization efficiency across the country, as shown in Figure 5 . The improvement of urbanization efficiency in China can also be evidenced by the values of MPI, namely, the dynamic changes of urbanization efficiency, as shown in Table 7 . The table shows that the overall average MPI across the country is reasonably good with an average MPI value of 1.0225, and most of the surveyed provinces have obtained the annual average MPI values of larger than 1. By using the data in Table 7 , Figure 6 can be produced to demonstrate graphically the improvement between the surveyed provinces during 2006-2015. The figure tells that most of the provinces have gained a positive improvement (with MPI > 1) except Jiangxi, Henan, Hubei, Hainan, and Sichuan. The improvement in urbanization efficiency in China is attributed to many factors, such as the improvement of technologies to increase productivity and mitigate the discharge of waste water and CO 2 emission. It appears that there is significant improvement in reducing both CO 2 emission and waste water. Based on the data presented in Section 3, the annual increase rate of CO 2 emission in China declined significantly from 6. [74, 75] . The Chinese Central Government has introduced a policy in 2013 for providing better housing conditions as well as other social welfares to those populations who migrated to the cities from rural areas [76] . As pilot practice, some local governments have played down the effects of "hukou" system for allowing more free mobility of the population within the local territory and improving the welfare of the rural migrants [77] . For example, the government of Guangdong province has introduced policy measures to allow rural migrants share the benefits of health care, housing insurance, pension welfare, and other public service [78] . The "New-type Urbanization Plan (2014-2020)" published by China State Council has emphasized the priority of building up social welfare system for both rural and urban residents in the process of implementing further urbanization programs [79] . It is considered that these policy measurements have made good contributions to the improvement of urbanization efficiency through increasing desirable outputs of O 1 , O 5 , O 6 , and O 7 and reducing undesirable outputs of O 8 and O 9 . According to the statistics described in Section 3, the average green coverage in built-up area increased from 33.52% to 38.99% nationwide during the surveyed period. The income ratio of rural to urban residents has increased from 33.19% to 39.43%, indicating significant progress in urban-rural integration during the urbanization development.
The Urbanization Efficiency Performance at Regional Level
China is divided into Eastern, Central, and Western regions according to the zoning division defined by the Chinese National Development and Reform Commission (NDRC) [80] . The East part of China includes eleven provinces, namely Beijing, Tianjin, Hebei, Liaoning, Shanghai, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The Central China includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan. The West China includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, and Tibet (Tibet is excluded for analysis in this study due to the unavailability of data). It can be seen from Figures 4 and 5 that there are significant differences in the performance of urbanization efficiency between these three regions. By applying the data in Table 6 , the average urbanization efficiency within each region can be obtained, as shown in Figure 7 . The figure shows that the urbanization efficiency in East China is much better than that in Central and West regions. East China has much more advanced technologies and management skills than that of Central and West part of China [26, 36, 81] . The social economy in the East part is also much more advanced, thus the provinces in this region have better affordability in improving urbanization efficiency. According to the data described in Section 3, the average per capita non-agricultural GDP in East China is over 39,800 RMB, whilst it is only about 17,600 in the West part. The average carbon emission per unit GDP in East China is 0.55 ton/10 4 RMB, whilst it is 0.98 ton/10 4 RMB in West China. Table 6 , the average urbanization efficiency ρ * in those eight economic zones during the survey time period can be obtained and illustrated in Figure 8 . The figure tells that South Coast zone is the best in urbanization efficiency, with the average value ρ * of 1.15. South Coast region has been making dramatic progress in improving the quality of urban development. The provinces in this region, such as Guangdong and Fujian, have been implementing actively energy-saving innovation methods [83] . The data described in Section 3 demonstrate that the energy consumption per unit of GDP in South coast region has decreased dramatically from 0.83 to 0.47 tce/10 4 RMB during the surveyed time period of 2006-2015. For another example, it was reported that Guangdong province has implemented the policy to allow the migrant workers to apply urban public housing without considering "hukou" and have their children registered for receiving education without extra fees, whilst these policy measures are not available in most provinces in China [78, 84] . In fact, the accessibility to urban public housing and education enrollment is the fundamental need to migrants in order to allow them to integrate into urban society. Only if those migrant workers truly integrate into urban area will they consider the urban area where they live as their hometown. Then they will have a sense of not only the proudness but also the commitments to the development of the urban area. For example, they will become more active in participating in the promotion of environmental management, energy saving, and green buildings. In this regard, provinces such as Guangdong and Fujian can achieve much better performance of urbanization efficiency as they have introduced various measures to allow migrant workers have the accessibility to urban benefits. Figure 8 also shows that the urbanization in other economic regions such as North Coast, East Coast, and Northeast is fairly efficient, with the average value ρ * of 1.097, 1.028, and 1.026, respectively, whilst Southwest zone has very poor performance with the value ρ * of 0.58. Southwest region is traditionally disadvantaged by the poor natural environment and the less-developed technology and economy [4, 36, 63, 85] . Over last several decades, a great scale of resources, in particular the land, has been consumed in this region for urbanization and large volume of carbon emissions and waste water have been generated. According to the statistics for the year 2015, presented in Section 3, the energy consumption and the carbon emission per unit of GDP in Southwest Region were 0.70 tce/10 4 RMB and 0.67 ton/10 4 RMB, respectively, whilst these two indexes were 0.54 and 0.40 respectively in East China. This suggests that Southwest region has been adopting extensive development pattern. The disadvantages in Southwest region have in turn triggered the population outflow during the urbanization process, which is supported by "push-pull theory". Therefore, large scale of labor force, in particular those well-educated and skillful people, have migrated from Southwest China to advanced areas such as East coast China [4] . It is considered that the shortage of well-educated labor forces contributes significantly to the poor urbanization efficiency in Southwest China.
Experiences and Lessons
The experiences gained by those good performers and the lessons received by those poor performers can be analyzed as follows.
Top performers in urbanization efficiency
According to Table 6 , most of the top performers are located in East China, including Beijing, Tianjin, Shanghai, Jiangsu, Fujian, Guangdong, and Hainan. As appreciated earlier, East China has better technologies and management skills for improving urbanization efficiency. For example, Beijing and Tianjin have been promoting green buildings to reduce emissions in urban areas [86] . The data described in Section 3 suggests that the annual growth rate of carbon emission in Beijing has decreased remarkably from 7.53% in 2007 to −0.32% in 2015. This index for Tianjin was 5.94% in 2007, and reduced to 1.79% in 2015. Another good performer Guangdong has been promoting effectively energy saving and green building in the process of implementing urbanization. It was reported that Guangdong province has built more than 81 million km 2 of new green buildings and renovated more than 20.5 million km 2 of existing buildings to green building during the Twelfth Five-year plan (2011) (2012) (2013) (2014) (2015) , which is the largest scale in this perspective among all provinces in the country [87] . In fact, these top performing provinces have been introducing various measures for both increasing the desirable outputs and for reducing the inputs or undesirable outputs, thus they have achieved good performance of urbanization efficiency.
It is interesting to note that Qinghai and Ningxia are ranked as 4th and 6th in terms of urbanization efficiency whilst they are traditionally not considered as top performers in terms of social and economic development. The results suggest that those economically and socially disadvantageous regions can also achieve good performance in urbanization efficiency. On the other hand, the measurement "efficiency" is a relative measure by comparing the input and output indexes. It has been found that both Qinghai and Ningxia generated a very small scale of undesirable outputs. For the case of Qinghai, the undesirable output is very low as the province has little heavy industries. The annual average carbon emission in Qinghai province was 2062 × 10 4 ton during the surveyed period, whilst the national performance was 14,654 × 10 4 ton. The annual average waste water discharge in Qinghai was 21,235 × 10 4 ton, whilst the national performance of this was 211,200 × 10 4 ton. Therefore, it is considered that the low level of undesirable outputs is the major contributor to the good performance of the urbanization efficiency enjoyed by these two provinces.
Another interesting case is Heilongjiang, which is ranked 7th. In fact, the economy of Heilongjiang is considered not advanced according to the official statistics in comparing to those advanced provinces. For example, according to the data described in Section 3, the per capita non-agricultural GDP in Heilongjiang in 2015 was 34,400 RMB, whilst it was 95,000 RMB in Tianjin and 78,700 RMB in Beijing. Heilongjiang has been implementing a different mode for urbanization development. Historically, Heilongjiang has established many agriculture-oriented townships. The local farmers have been instructed to relocate to nearby towns and commute to their farms to work. By concentrating the dispersed rural population in a number of agricultural townships, the government aims to improve the farmers' housing conditions and accessibility to public services, and at the same time to stimulate economic development by freeing more land for farming. This type of township-oriented development mode is distinct from the city-centered urbanization mode. The township-oriented development mode allows that both urban construction and agrarian development coexist and is able to ensure better integration between urban and rural areas [88] . Therefore, the urbanization process in this province is not dominated by developing urban infrastructures and heavy industries. Accordingly, there is less carbon emission and waste water generated.
There are also case provinces where the urbanization efficiency has been improved significantly during the surveyed period whilst they are not ranked as top good performers, such as Hebei. The data in Table 6 shows that Hebei was ranked 29th in 2006 but moved up to 17th in 2015. In taking the opportunity of implementing urbanization, Hebei province has restructured the composition of their economic sectors by increasing the proportion of tertiary industry and reducing secondary industry. It was reported that the secondary industry accounted for more than 53% in Hebei in 2006 and reduced to 48% in 2015 [71] . The reduction of secondary industry, particularly those heavy industries which are large emitters, contributes significantly to the emission reduction. According to the statistics described in Section 3, the carbon emission per unit of GDP in Hebei province declined significantly from 1.26 to 0.69 ton/10 4 RMB during 2006-2015. It appears that Hebei province has adopted effectively energy saving strategy. The data in Section 3 also shows that the energy consumption per unit of GDP in this province was 1.89 tce/10 4 RMB in 2006, and decreased to 0.98 tce/10 4 RMB by the year 2015.
In summary, the typical experiences gained in these top performers in obtaining good urbanization efficiency performance include less reliance on the secondary and heavy industry, the implementation on energy saving and technology innovation, promotion of green buildings, the provision of employment opportunities, and welfare to urban residents, particularly to the migrant workers.
Bottom players in urbanization efficiency
There are a number of provinces where the urbanization efficiency is very poor, such as Yunnan, Sichuan, Guizhou, Guangxi, and Xinjiang, the five bottom players, as shown in Table 6 . All these bottom performers are from the West part of the country. These provinces are relatively poor in terms of economic and social development, and they have less resources invested on technology innovation in urbanization process. For example, according to the official statistics, the investment on research and development (R&D) by industrial enterprises in Yunnan province was 619,588 × 10 4 RMB in the year 2015, whilst this index was 2,440,875 × 10 4 RMB in Beijing and 3,526,665 in Tianjin, respectively, in the same year [71] . The economy for the bottom performer is largely characterized with extensive development pattern. In other words, the economy in these provinces is driven mainly by consuming resources for development with the dominance of heavy industry, which generates great amount of emissions. For example, the carbon emission per unit of GDP was 1.16 ton/10 4 RMB in Xinjiang in 2015, whilst it was only 0.27 ton/10 4 RMB in Beijing. The energy consumption per unit of GDP in Guizhou is 0.95 tce/10 4 RMB, whilst this index is only 0.29 tce/10 4 RMB in Beijing. As less resources are contributed to improving technology development and management skills, the productivity in these provinces is low. It was reported that the per capita non-agricultural GDP in Guizhou was 16,800 RMB in 2015, whilst it was 95,000 RMB in Tianjin. Furthermore, as appreciated early, the provinces in West China have been facing with the challenges of brain-drain and the outflow of labor forces [4, 63, 85] . It is difficult, if not impossible, to improve urbanization efficiency without talents' contributions.
In summary, the lessons received in those poor performers in urbanization efficiency are in multiple aspects, typically including the lag of technology innovation, the adoption of extensive development pattern, the insufficiency of resources invested on public facilities, and the loss of talents and labor forces.
The above discussions indicate that the central government in China should introduce policies to promote the transfer of technologies and experiences from those good performers to the poor ones in further urbanization process. With the promotion of these technologies and experience in those poor performance provinces, they can generate more desirable outputs whilst consuming less resources and producing less emissions. In turn, they can contribute to the improvement of the overall efficiency and sustainability of the urbanization process in China.
Conclusions
Urbanization is an "input-output" system process. This study suggests that the input-output indicators should incorporate both desirable and undesirable outputs in order to measure properly the efficiency of urbanization. By using a set of holistic input-output indicators, this study has examined the urbanization efficiency in the context of China. The findings demonstrate that the overall efficiency in the fast urbanization era in China is relatively low, but a moderate level of improvement has been achieved. At both the regional and provincial levels, the differences between good and poor performers are very significant. In general, the provinces with well-established social and economic foundation have good performance, such as Beijing, Tianjin, Guangdong, Shanghai, Fujian, and Jiangsu. The bottom players include Yunnan, Sichuan, Guizhou, Guangxi, Xinjiang, and Henan. At the regional level, it appears that Eastern China is the best region, followed by Central and Western parts, and the Southwest region has the worst performance.
The implementation of urbanization in the past years in China has presented both good experiences and problematic lessons. Exemplary measures include restructuring the composition of industrial sectors, adopting energy saving policies, promoting green building, improving the quality of public services and infrastructures, allowing migrant workers share urban benefits, encouraging the migrants to integrate into urban society by playing down "hukou" effects, and others. All these are found effective for raising urbanization efficiency. On the other hand, the typical lessons have also been received from the urbanization practice in those poor performers, for example, the adoption of extensive development pattern, the phenomenon of brain-drain, the lower priority given to technology innovation, and others.
Urbanization is adopted as the driving engine for development in the contemporary time particularly in those large developing countries such as China. However, only if the scheme of urbanization is efficient can it make contributions to the mission of sustainable development for either a region or nation. This study provides important references for understanding the efficiency of the ongoing fast urbanization in China. By appreciating that the fast urbanization has poor efficiency in general, the Chinese central government can review the ongoing urbanization practice and introduce measures to improve the efficiency. The understanding of the variations of urbanization efficiency between different regions and provinces helps the local governments formulate policy measures to improve their urbanization practice, by considering both the good experiences gained in those good performers and the problematic lessons encountered by those poor performers. Furthermore, this study also makes valuable contributions to the development of literature in the discipline of urbanization efficiency. It particularly highlights the importance of incorporating undesirable outputs into the traditional assessment approach for examining urbanization efficiency. The research framework adopted can be further applied for studying the efficiency of urban development in other countries.
Nevertheless, the authors appreciate that several significant issues associated with urbanization efficiency, particularly in the context of China, have not been fully investigated, such as land acquisition for urban sprawl, housing conditions, and urban benefits for rural-urban migrants. Whilst these issues have been addressed in discussions in Section 5, it is recommended to investigate them in details in future study. Other issues, such as comparison on the factors affecting urbanization efficiency between different countries at international level and the effectiveness of different policy instruments for improving urbanization efficiency under different circumstances, are also recommended as important research questions for future study.
